INTRODUCTION
General anesthesia (GA) is a medical procedure that Osseointegration has been used to define a direct structural and functional connection between ordered living bone and the surface of a load carrying implant (1) .
The process of osseointegration involves an initial interlocking between alveolar bone and the implant body (primary implant stability), and a later, biological fixation through continuous bone apposition (contact osteogenesis) and remodeling toward the implant (secondary implant stability) (2) .
Misch et al (3) , suggested a terminology for immediate restoration and/or occlusal loading. The immediate occlusalloading protocol is an implant-supported temporary or definitive restoration in occlusal contact within two weeks of the implant insertion. Early occlusal loading refers to an implant-supported restoration in occlusion between 2 weeks and 3 months after implant placement. Delayed or staged occlusal loading refers to an implant prosthesis with an occlusal load after more than 3 months after implant insertion.
Originally, the protocol described by Brånemark and associates (4, 5) for direct bone-to-implant contact used submerged unloaded implants. More recently, many researchers, including Brånemark et al (6) , have revealed comparable results for the integration of implants placed under immediate functional load. In many clinical situations, it is beneficial to the patient to use the immediate loading protocol rather than the conventional 2-stage protocol, as the former allows the patient to have a functional fixed prosthesis the same day as implant placement (6-13).
The clinical measurement of implant stability and osseointegration is important to be able to assess success in implant dentistry. It is now possible to measure implant stability at any time during the course of implant treatment and loading (14) .
There are some traditional methods including histological and histomorphometric observations, removal torque analysis percussion tests, pull-and push-through tests, and Periotest to evaluate the initial bone quality and degree of osseointegration (15) (16) (17) .
In 1996, Meredith et al (14) , developed a non-invasive and non-destructive method to evaluate the condition of the implant-tissue interface; it was called (resonance frequency analysis) (RFA). The use of RFA provides a possibility to clinically measure implant stability and osseointegration.
Resonance frequency values ranging from 3,500 to 8,500 Hz are translated into an implant stability quotient (ISQ) of 0 to 100. A high value indicates greater stability, whereas a low value implies instability. The manufacturer's guidelines suggest that successful implant typically has an ISQ greater than 65. An ISQ < 50 may indicate potential failure or increased risk of failure (18) .
Today the Osstell™ has been updated with a new version called Mentor (Integration Diagnostics) that, while maintaining the ISQ scale, features wireless transducers that are electromagnetically excited (19) (20) (21) .
Jaramillo et al. in 2014 (22) reported that Resonance frequency analysis systems in Osstell Mentor and Osstell ISQ show almost perfect reproducibility, repeatability and accuracy.
The resonance frequency analysis technique may be useful for assessing immediate loading implants during the various stages of treatment. For instance, a certain implant stability quotient value can be used as an inclusion criterion for immediate loading of implants. Ostman et al. (23, 24) , reported low failure rates when using implant stability quotient 60 as an inclusion criterion for immediate loaded implants in totally edentulous maxillae and in posterior mandibles. Values above implant stability quotient 65 indicate a favorable response to immediate loading, whilst low implant stability quotient values may be indicative of overload and ongoing failure.
The present clinical study was conducted to evaluate the implant stability and healing behavior of dental implants using immediate/early loading protocol using Resonance Frequency Analysis ISQ system in the posterior mandible.
MATERIALS AND METHODS
A clinical trial was conducted on fourteen adult patients of both sexes (9 males and 5 females) having missing mandibular molar teeth indicated for implant rehabilitation. The patients were selected from the Out Patient Clinic of the Oral & Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University.
The inclusion criteria of this study were; patients' age ranging from 25-40 years, adequate bone height above the inferior alveolar canal, minimum bone width of 6 mm and good oral hygiene. While the exclusion criteria were; parafunctional habits, heavy smokers, untreated periodontitis and medically compromised patients such as osteoporosis, liver cirrhosis and hyperparathyroidism.
The dentium superline system implants (Seoul, Korea) with different diameters (3.8, 4.3 and 4.8 mm) and lengths (8, 10 and 12 mm) were used in this study, and Osstell ISQ was used for measurement of implant stability.
Osstell ISQ (Osstell AB, Göteborg, Sweden) consists of Osstell portable ISQ instrument, probe, charger, USB cable and test peg. The system includes the use of a SmartPeg TM attached to the dental implant by means of an integrated screw. The SmartPeg is excited by a magnetic pulse from the measurement probe on the handheld instrument. The resonance frequency, which is the measure of implant stability, is calculated from the response signal. Results are displayed on the instrument screen as the Implant Stability Quotient (ISQ), which is scaled from 1 to 100. The higher the value, the more stable the implant.
All patients underwent pre-operative clinical examination: Patients' data were collected; name, gender and age, medical and dental histories were taken and the oral mucosa of the edentulous area was examined by inspection and palpation. Also all patients underwent standardized periapical radiography to view any periapical pathology and a pre-operative panoramic radiograph examination to evaluate the height of the bone available above the inferior alveolar canal. (Fig 1) All patients were instructed to rinse with chlorhexidine mouth wash (Listermix plus, SIGMA Pharmaceutical Industries, Egypt) immediately before operation for 2 minutes.
With the patient under local anesthesia (Septodont, articaine HCL and epinephrine 1:20.000) a full thickness mucoperiosteal envelope flap was raised, osteotomy was carried out in the alveolar bone guided by the neighboring teeth, the initial marking or preparation of the implant bed was done with a pilot drill (point drill) of 2.2 mm, the osteotomy was then widened using an intermediate drill and the final drill according to the diameter of the implant, the implant was then threaded into the bone using a Ratchet, the SmartPeg TM was attached to the implant fixture, the implant stability was measured by Osstell ISQ. In the immediate loading protocol, a titanium abutment was connected immediately and a provisional restoration was prefabricated and temporarily cemented. In the early loading protocol, a healing cap was placed and left for a month. The flaps were sutured using 3/0 black silk sutures. (Figs 2,3 All patients were advised to apply cold packs extra orally intermittently every 10 minutes for 2 hours on the first day, chlorohexidine mouth wash (Listermix plus) was started on the 2nd post-operative day for one week, the sutures were removed after one week post surgically. Antibiotic (Amoxicillin/claviulanic acid 1 gm tab) (Augmentin, Glaxosmithkline, Australia), two times daily for 5 days, non-steroidal anti inflammatory drugs (diclofenac sodium 50 mg tabs) (Cataflam, Novartis pharma, Basel, Switzerland), three times daily for 3 days were given.
All patients were evaluated clinically immediately postoperatively and on intervals of 1, 3 and 6 months, for presence of periimplantitis, probing depth, modified plaque index and modified sulcus bleeding index (25) , then the implant stability measurement was examined at the day of surgery as the baseline and at 1, 3 and 6 months postoperatively using the Resonance Frequency Analysis via the Osstell ISQ system.
All the implants involved in this study were followed up radiographically at 1, 3 and 6 months intervals. (Fig 4) Final prosthesis (porcelain fused to metal crown) was inserted after three months. The statistical analysis was performed to compare the implant stability quotient (ISQ) in the immediately and the early loaded implants immediately post-operative and on intervals of 1, 3 and 6 months in the posterior mandible.
Data were represented as mean and standard deviation. Repeated measures analysis of variance (ANOVA) test was used to compare numeric variables within the studied group of patients.
Post Hoc test was done if ANOVA or Friedman tests were positive.
In all tests, result was considered statistically significant if the p-value was less than 0.05. 
RESULTS
Fourteen implants were placed in a total of fourteen patients (9 males and 5 females) having missing mandibular molar teeth. Their ages ranged between 27 and 40 years with mean age of 35 years (Table 1) . They were selected from the Outpatient Clinic of the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University. All patients underwent surgical operations under local anesthesia using full thickness flap technique and implant placement, and no complications had been recorded during the operation. In the immediate loading group, the mean implant stability quotient (ISQ) was higher than the early loading group immediately post-operative. The values were 69.0±10.71 and 61.86±14.22 respectively. The difference in mean implant stability quotient (ISQ) between both groups immediately post-operative was statistically insignificant. (p=0.309).
In both groups, the decrease in implant stability after one month was not statistically significant (p=0.197). The increase in implant stability quotient after 3 months between the studied groups was statistically significant (p=0.008). The increase in the early loading group was higher than the immediate group. The increase in implant stability quotient after 6 months between the studied groups was statistically significant (p=0.009). The increase in the early loading group was higher than the immediate group. (Table 3, Fig 5) 
Table 3:
Comparison between the two studied groups according to implant stability quotient (ISQ). 
DISCUSSION
Studies of immediate loading in the literature (6) (7) (8) (9) (10) (11) (12) (13) show data for long-term osseointegration comparable to the results of Brånemark and coworkers' classic 2-stage study (4); however, the stability of the implant over the initial short-term period after implantation has yet to be studied thoroughly.
Therefore, the present study was designed to evaluate the implant stability of immediately and early loaded dental implants in the posterior region of the mandible.
The present study was conducted on fourteen patients having missing mandibular molars. They were selected from the Outpatient Clinic of the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University.
All patients in the present study were selected free from parafunctional habits such as bruxism and clenching, which increase the magnitude of the forces. In such patients, the duration of the forces are extensive and their direction is more horizontal than axial to the implants, which leads to mechanical complications and failure of implants (26) .
In the present study, the implant stability was measured using the Resonance Frequency Analysis (RFA) via the Osstell ISQ system. Resonance frequency analysis was chosen as a non-invasive and reliable method to assess variation in implant stability over time. Resonance frequency analysis registrations are directly related to the stiffness of the implant in the surrounding bone: during healing, an increase in implant stability quotient (ISQ) values presumably reflects new bone apposition at the implant-bone interface (19, (27) (28) (29) (30) (31) .
In the present clinical study, implant stability quotient (ISQ) increased in both the immediate and the early loading groups after 3 rd month and 6 th month. In the immediate loading, the mean implant stability was 71.29±2.14, 71.29±4.61, and in the early loading, the mean implant stability was 75.86±3.18, 77.71±1.60 respectively.
This agreed with a recent prospective clinical study evaluating immediate loading of implants in the partially edentulous mandible, ISQ was measured at implant placement and after 6 months of loading, with values of 72.2 and 72.5, respectively (24) .
Based on the preliminary data of Glauser and colleagues (32), immediate loading should be possible where the ISQ is greater than 60 at implant placement.
The idea that ISQ values of 60 to 65 could be safe for immediate loading is based on the observation that most implants eventually achieve a secondary stability within this range in the period after the initial healing phase (32) .
In a follow-up study on implants placed in extraction sockets and subjected to immediate/early loading, Vanden Boagerde and co-workers (33) demonstrated rescue of one implant based on resonance frequency analysis measurements. This implant showed a significant drop from 67 ISQ to 53 ISQ during the first six weeks. The implant was unloaded and recovered to an ISQ value of 72 after 6 months.
Huwiler et al. (34) , in a series of 17 implants placed in patients, observed a normal ISQ range between 55 and 74 at the time of implant insertion. They also observed an increase in ISQ values during the week following implant insertion, followed by a decrease during weeks 2 to 4, and a posterior increase to ISQ values obtained during the insertion phase, or even higher.
This agreed with the present study, in both groups, there was a decrease in ISQ values after 4th week, then a gradual increase to the 3rd month, and 6th month reaching ISQ above 70. In the early study group, the increase in ISQ values was higher throughout the follow up period.
All implants used in this study were sandblasted with large grit and acid etched surface (SLA), and were subjected to immediate/early loading protocol in the posterior mandible.
In a study for surface treatment effect on the stability Kim et al. (35) , reported that surface treatment may have significant effects on biological stability 3 weeks after implant placement.
In a prospective study comparing early and immediate loading, Achilli et al (36) evaluated 32 oxidized titanium tapered implants that were inserted in mandibular molar and premolar sites and loaded after 6 weeks with fixed dental prosthesis. A 100% success rate was reported after 1 year .
In a recently published randomized clinical trial, Ganeles and coauthors (37) compared early and immediate loading of implants placed in posterior sites of both jaws. A total of 134 implants with a chemically modified SLA surface were placed in the posterior mandible and loaded after an interval of 28 to 34 days with either single crowns or fixed dental prosthesis. Four early failures and one failure after loading were reported, leading to a 96%implant survival rate .
In a case series study, Buchs and coworkers (38) reported a 92.7% success rate one year after immediate loading of titanium oxide-blasted implants in the posterior mandible either with single crowns or fixed dental prosthesis.
Abboud and coworkers (39) investigated 20 immediately loaded sandblasted implants for single-tooth replacement in premolar or first molar areas. Of these, 11 were mandibular implants that showed a 100% survival rate at the 12-month follow-up.
Therefore, the present clinical study demonstrated a good prognosis for the immediate/early loading of dental implants in the posterior mandible and the implant stability values reached acceptable values using resonance frequency analysis by the Osstell ISQ.
CONCLUSIONS
There was an increase in implant stability quotient (ISQ) values after 3 rd and 6 th month using an immediate/early loading protocol in the posterior mandible. The survival rate was 100%. The increase in implant stability in the early loading was higher. Resonance frequency analysis is a reliable non-invasive method to predict bone healing around implants throughout the follow up period.
